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TYPES OF KERATINIZATION IN THE HUMAN GINGIVA*
J. P. WEJNMANN, M.D. AND J. MEYER, PH.D.
In studying the epithelial surface in the human
gingiva, four types of staining reaction were
found. Three corresponded to the previously
recognized distinctions of full keratinization,
parakeratosis and nonkeratinization, which are
considered as normal variants of the gingiva
(1, 2). The fourth has to our knowledge not
hitherto been described. The term incomplete
parakeratosis is suggested for it.
Recent attempts to correlate inflammation,
glycogen deposition and keratinization in the
human gingiva have shown that in order to
clarify the interrelations between these variables,
it is necessary to subdivide the gingiva into its
anatomically distinct regions, and to correlate the
regional rather than the overall degrees of
inflammation, glycogen and keratinization. The
introduction of a fourth kind of keratinization
corresponding to a fourth type of surface staining
was found to lead to a more consistent picture
of the fate of the keratinizing process under the
impact of inflammation and glycogen deposition.
The present report describes four types of
keratinization and their incidence in the presence
of glyeogen and inflammation in three regions
of the human gingiva.
Material and Methods
The study included biopsy specimens from the
cuspid region of gingiva of 52 men 27—70 years of
age. Two biopsy specimens from bilaterally
symmetrical areas were taken from most of the
donors and the incision carried far enough to
include the adjoining alveolar mucosa. The tissue
was fixed in 5% neutral formalin immediately
after removal and cut at 5—6 p thickness. The
sections were stained with hematoxylin and
eosin, treated with the periodic acid Schiff
reagent (PAS) and with Mallory's connective
tissue stain.
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Estimate of glycogen and inflammation. Glyco-
gen concentration was estimated as the difference
in PAS positive material without and with
diastase treatment. A fuller account of the distri-
bution of glycogen is given elsewhere (3). For
purposes of the present analysis, the glycogen
concentration and the degree of inflammation in
the underlying connective tissue were classified
as 0, slight, and concentrated or severe.
Mallory. Mallory's combination of stains was
used as specified by Bensley (4). He recommends
extreme dilution and short exposure of the
sections to the first stain, acid Fuchsin. Subse-
quent experimentation (5) showed that the
distinction of the fourth type of keratinization
depends on these specifications. It is lost by
overstaining with Fuehsin, and by a high pH.
It is, however, also demonstrable by the use of
Fuchsin alone and by the use of the third stain
in Mallory's combination, Orange-G, within the
same pH range. The contrast is brightest in
Mallory's combination of three stains.
Subdivision of gingiva. According to Orban, (6)
the gingiva consists of a free and an attached
portion. The free gingiva is that portion of the
gingiva which surrounds the tooth and is separated
from it by the gingival suleus. It may be sub-
divided into a region facing the tooth, a region
forming the crest of the gingiva and a region
facing the oral cavity. The attached gingiva is the
portion which is in part attached to the tooth and
in part to the buecal and lingual surfaces of the
alveolar bone. It is continuous with the alveolar
mucosa, which is not keratinized (1) and contains
glycogen (3). The attached and free gingiva vary
in keratinization and glycogen content (7, 5, 9).
Inflammation, which originates at the dental
surface of the free gingiva, is common in all
regions of gingiva and also in the alveolar mucosa.
The present analysis includes crest and oral
surface of the free gingiva, and the attached
gingiva.
Findings
I.
Four types of staining reactions of the epithelial
surface. Comparison of sections stained with
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TABLE 1
Staining reactions of the epithelial surface
Hematoxy]in and Eosin Ma1ory's Connective Tissue
1. Nuclei disappeared. Nuclei disappeared. En-
Surface layer tire surface layer
stains pink. (Fig. stains bright red.
1) (Fig. 2)
2. Nuclei pyknotic, Nuclei discernible. En-
stained with hema- tire surface layer
toxylin. Cellular stains brightred. (Fig.
boundaries lost, 4)
material between
nuclei stains pink.
(Fig. 3)
3. As in 2. (Fig. 5) Nuclei or nuclear spaces
discernible. Surface
layer divided into
two sharply distinct
strata: superficial
stratum stains blue
with aniline blue.
Stratum in location of
stratum luciduni
stains bright red.
(Fig. 6)
4. Nuclei preserved, Nuclei preserved. Cells
stained with hema- stained blue with
toxylin. Cells pale aniline blue. (Fig. 8)
pink as in under-
lying Malpighian
layers. (Fig. 7)
hematoxylin and eosin and according to Mallory
showed four types of reaction at the epithelial
surface, which are summarized in Table 1 and
illustrated in Figs. 1—8.
The staining of type 1 is seen in fully kera-
tinized epithelium of any region. The bright red
staining is always seen in the keratin of sections
stained according to Mallory and does not de-
pend on the specifications necessary to bring out
type 3. Because the underlying cellular layers
stain in bright blue, 1\'Iallory's stain is a striking
way to demonstrate full keratinization.
Staining of type 3 in hematoxylin-eosin sec-
tions does not differ from staining of type 2.
Both types would be identified as parakeratotic,
i.e., as indicating keratinization of the cytoplasm
with preservation of the basophilia of the nuclei.
In Mallory, a sharp differentiation appears. In
type 2, the entire surface layer is red like the
keratin layer in type 1. In type 3, only the deeper
layer in the region of the stratum lucidum stains
in the bright red typical of keratin in the Mallory
procedure. Superficial to this, however, is a
layer with aniline-blue staining which otherwise
characterizes the Malpighian layers. For reasons
given below, the name "incomplete parakerato-
sis" was given to the type of keratinization
identified by this reaction.
The staining of type 4 is that of a nonkeratiniz-
ing epithelium, in which the surface layers
react like the underlying cell layers, except that
due to the greater or lesser flattening of the cells
the color intensity may be somewhat greater at
the surface.
II.
Incidence of the four types of keratinization in
three gingival regions. The type of keratinization
could be ascertained in a total of 234 regions of
gingiva. Seventy-four of these were epithelium at
the crest and 76 at the oral surface of the free
gingiva, 84 were epithelium of the attached
gingiva. The relations between degree of
keratinization and the presence of glycogen
and inflammation differ quantitatively, but not
qualitatively, in these three regions. For the sake
of a numerically adequate sample, all three
regions are considered together in the following.
The quantitative regional differences are not
very marked.
The incidence of four types of keratinization
was as follows:
Number of
Regions
Per Cent of
Regions
Fully keratinized...... 31 13.3
Parakeratotic 126 53.8
Inc. parakeratotic 59 25.2
Nonkeratinized 18 7.7
Total 234
The distinction of incomplete parakeratosis
permitted to separate off about a third of the
parakeratotic regions. Parakeratosis still re-
mained the single most frequent type of keratini-
zation, occurring in a little over half of the
sample.
Incidence of four types of keratinization in the
presence of inflammation. When the four types of
keratinization were put in a sequence going from
fully keratinized to parakeratotic to incom-
pletely parakeratotic to nonkeratinized, a pro-
gressive change in the incidence of the four
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Types of keratinization in regions
TABLE 2
with different degrees of inflammation
Degree of
Inflammation
Number of Regions Per Cent of Regions
K P U' N K P IP N
— 24
6
1
55
58
13
14
27
18
4
7
7
77.4
19.4
3.2
43.8
46.0
10.3
23.7
45.8
30.5
22.2
38.9
38.9
31 126 59 18
K = full keratinization. P = parakeratosis. IP = incomplete parakeratosis. N non-
keratinized.
TABLE 3
Types of keratinization in regions with different concentrations of glycogen
Concntation
Type of Keratinization
Number of regions Per Cent of regions
K P IP N K P
38.4
43.2
18.4
II'
8.8
35.1
56.1
N
0
33.3
66.7
— 27
3
0
48
54
23
5
20
32
0
6
12
90
10
0
30 125 57 18
types with progressively severer inflammation
was noted (table 2).
Full keratinization occurred predominantly
in the absence of inflammation, and was infre-
quent even when inflammation was only mild.
Parakeratosis occurred as often in the absence
of inflammation as in the presence of mild inflam-
mation. It was rare when inflammation was
severe. Incomplete parakeratosis was rare in the
absence of inflammation. It was common in mild
inflammation and still common when the inflam-
mation was severe. Nonkératinization occurred
predominantly in the presence of inflammation.
The effect of separating the incompletely
parakeratotic specimens from the parakeratotic
ones was the formation of a class with incidence
figures transitional between parakeratosis and
nonkeratinization. In the absence of inflam-
mation, the incompletely parakeratotic specimens
occurred less often than the parakeratotic ones.
In the presence of severe inflammation, they
occurred more often than parakeratosis. The
remaining class of parakeratosis was thereby
made to be more sharply different from the
nonkeratinized regions, as regards response to
inflammation, than the old mixed class would
have been.
Incidence of four types of /c,eratinization in the
presence of glycogen. When arranged in the same
sequence, the four types of keratinization showed
a progressive shift in incidence with progressive
increase in glycogen concentration (Table 3).
There was an inverse relationship between
keratinization and glycogen content which for
the two extreme classes of keratinization was
even more conspicuous than that between
keratinization and inflammation. Parakeratosis
appeared to be somewhat more compatible with
the presence of glycogen than with the presence
of inflammation. As in the case of inflammation,
the effect of separating from the parakeratotic
specimens the group of incompletely parakera-
totic specimens was to create a class intermediary
in its relation to glycogen between nonkeratiniza-
tion and the remaining parakeratotic group.
Effect of combined presence of inflammation
and glycogen on. the type of keratinization. In the
gingiva as in other covering epithelia, inflamma-
tion tends to cause the deposition of glycogen (7,9,
10, 11, 12, 13, 14, 15). For this reason, the two
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traits often occur together and their effects on
keratinization cannot be differentiated. In the
present sample this was the case for 106 of 230
regions. However, glycogen and inflammation
do not always occur together in the gingiva.
Glycogen occurred also in uninflamed gingiva,
although its concentration in gingival regions
was not as high as in the adjoining epithelial
lining, the alveolar mucosa (3). In the present
sample, there were 45 uninflamed regions con-
taining glycogen. In the majority of inflamed
regions there is a deposition of glycogen, but not
in all. The present sample contained 31 inflamed
regions in which glycogen was absent. Lastly,
there were 48 regions which had neither glycogen
nor inflammation. The incidence of the different
types of keratinization in these four groups of
specimens is compared in Fig. 9. The specimens
were classified according to presence or absence,
but not concentration resp. severity, of glycogen
and inflammation. This means that the group
which had inflammation and glycogen has, on
the average, more severe inflammation than the
group which has only inflammation, and higher
concentration of glycogen than the group which
had only glycogen.
In Group 1—absence of glycogen, absence of
inflammation—44% of the regions were fully
keratinized; the bulk of the remainder was
parakeratotic.
In Group 2—presence of inflammation, absence
of glycogen—the incidence of full keratinization
was sharply reduced, the incidence of parakerato-
sis proportionately elevated.
In Group 3—absence of inflammation, presence
of glycogen—there was a sharper reduction in
the incidence of full keratinization than in
Group 2, and a reduction also in the incidence of
parakeratosis. Incomplete parakeratotis rose
markedly, and a number of nonkeratinized re-
gions appeared.
In Group 4—presence of inflammation and
presence of glycogen—full keratinization disap-
peared, parakeratotis was further reduced;
incomplete parakeratosis was more frequent,
and so was nonkeratinization.
Discu8sion
Significance of "incomplete parakeratosis." In
the various changes in incidence of different types
of keratinization which occurred with progressive
inflammation and increasing concentration of
glycogen, "incomplete parakeratosis" main-
tamed a position intermediary between parakera-
tosis and nonkeratinization. A short interval of
"incompletely parakeratotic" epithelium was,
furthermore, commonly interposed between the
attached gingiva, which is parakeratotic or fully
keratinised, and the alveolar mucosa, which
never becomes keratinized.
The fourth type of staining reaction described
in the present study thus seems to occur in
epithelium which is not as highly keratinized as
parakeratotic regions, but more than regions
which do not keratinize at all. For this reason,
the term "incompletely parakeratotic" was
adopted for the new class.
The chemical meaning of the staining reaction
seen in such epithelium remains to be investi-
gated. It should be remembered that the most
superficial stratum stains with hematoxylin
and eosin like keratin, and with Mallory's
method like the Malpighian layers, but that a
more or less narrow inner strip in the location of
the stratum lucidum has all the staining reactions
characteristic for keratin. Conceivably, when
in the course of the physiological turnover of the
epithelium this strip approaches the surface,
it comes under the influence of saliva or other
factors in the oral environment and is thereby
so altered as to lose its keratin-like staining
properties. Now neither fully keratinized nor
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parakeratotic surfaces are so alterable by the
same environmental factors. The susceptibility
of the incompletely parakeratotic material to this
influence presumably indicates that the stage of
keratinization originally achieved by it was less
advanced than that reached in true parakerato-
sis.
"Degrees" of keratinization. In grouping the
epithelial regions, as in Fig. 9, into a group
without inflammation and without glycogen, a
group with inflammation and without glycogen,
a group without inflammation and with glycogen
and a group with inflammation and with glyco-
gen, the incidence figures for the four types of
keratinization changed as though the addition of
inflammation, of glycogen, and of both caused a
stepped-up interference with the keratinizing
process. To each new step in interference, the
four types of keratinization responded as though,
in the order listed, they represented four descend-
ing degrees in the keratinizing process. In the
absence of interference, the gingiva was either
fully keratinized or parakeratotic (Group 1).
Full keratinization underwent a progressive
decline with each interfering step. At the first step,
the deficit in full keratinization was largely made
up by parakeratosis and only in small proportion
by incomplete parakeratosis (Group 2). With
the stronger interference of step 2, full keratiniza-
tion became nearly impossible, and now para-
keratosis also declined. Incomplete parakeratosis,
however, continued to rise, and nonkeratiniza-
tion appeared (Group 3). In response to the
compounded interference in group 4, full kera-
tinization dropped out, parakeratosis continued
its decline, and incomplete parakeratosis and
nonkeratinization continued to increase in
incidence.
The four classes of keratinization thus behaved
like quantitatively differing members of a series,
with full keratinization the highest and non-
keratinization the lowest member. A large enough
sample might show that each member has a
characteristic pattern of incidence for given
epithelial regions under given degrees of inter-
ference with keratinization; a tendency of this
sort can be demonstrated even in the present
sample.
The separation of incomplete parakeratosis
from parakeratosis could be seen to lead to a
considerably more consistent picture of para-
keratosis. However, whereas full and nonkeratini-
zation are pure classes occurring in the absence
of all or the presence of maximal interference,
parakeratosis remains a mixed class, which
occurs in part in the absence of interference and
itt part is the response of full keratinization to
interference. It fits in with this concept that the
persistence of parakeratosis despite severe
interference occurs only in the attached gingiva,
which has the highest incidence of full keratiniza-
tion.
"Interferewe" with keratinization. Inflamma-
tion and glycogen have been treated as though
they were equivalent extraneous factors inter-
fering with keratinization. This will arouse no
objections for inflammation or for the deposition
of glycogen secondary to inflammation, but is
dubious when glycogen occurs in an uninflamed
region. As noted, this is the case for all unin-
flamed specimens of alveolar mucosa and for
about 50% of uninflamed gingival regions. It is
not intended to prejudice the problem of what is
cause and what effect in these cases.
Summary
The study of 85 biopsy specimens of the human
gingiva stained with Mallory's connective tissue
stain led to the identification of a previously
unrecognized type of keratinization in a stratified
squamous epithelium. This type of keratiniza-
tion occurs in about a third of the specimens
which on hematoxylin and eosin staining are
classified as parakeratotic. Analysis of the in-
cidence in 234 uninflamed, inflamed, glycogen-
free and glycogen-containing regions of gingiva
led to the conclusion that it represents a stage
transitional between complete absence of kera-
tinization and parakeratosis. The term incom-
plete parakeratosis is suggested for this type of
keratinization.
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